Summary &mdash; The stem volume and biomass (stem + branches) production, net photosynthesis of mature leaves and leaf area production of 5 poplar (Populus) clones, Populus trichocarpa x deltoides (Raspalje and Beaupré), Populus x euramericana (Robusta) and P trichocarpa (Columbia River and Fritzi Pauley), were studied during the first year of growth in an experimental high density plantation (15 600 plants ha -1 ). Significant differences were found in volume production, woody biomass production, total leaf area and net photosynthesis. Above-ground biomass production was 3.5 times higher in Raspalje than in Robusta. The best performing clones (Raspalje, Beaupré) were those with large leaves, high leaf area index and high photosynthetic rates. A positive relationship between leaf photosynthetic capacity and above-ground biomass production was also noted for 4 of the 5 clones. The euramerican clone Robusta was an exception, showing high photosynthetic rates, but low biomass production. This discrepancy was mainly due to the lower leaf area of this clone, and possibly also due to a larger carbon allocation to below-ground biomass (Barigah, 1991 
Summary &mdash; The stem volume and biomass (stem + branches) production, net photosynthesis of mature leaves and leaf area production of 5 poplar (Populus) clones, Populus trichocarpa x deltoides (Raspalje and Beaupré), Populus x euramericana (Robusta) and P trichocarpa (Columbia River and Fritzi Pauley), were studied during the first year of growth in an experimental high density plantation (15 600 plants ha -1 ). Significant differences were found in volume production, woody biomass production, total leaf area and net photosynthesis. Above-ground biomass production was 3.5 times higher in Raspalje than in Robusta. The best performing clones (Raspalje, Beaupré) were those with large leaves, high leaf area index and high photosynthetic rates. A positive relationship between leaf photosynthetic capacity and above-ground biomass production was also noted for 4 of the 5 clones. The euramerican clone Robusta was an exception, showing high photosynthetic rates, but low biomass production. This discrepancy was mainly due to the lower leaf area of this clone, and possibly also due to a larger carbon allocation to below-ground biomass (Barigah, 1991 (Linder, 1984; Beadle and Long, 1985) . Differences in the amount of leaf area displayed or in the intensity of the photosynthetic rate will result in different biomass productivity rates.
Photosynthetic capacity is known to vary widely among tree species, usually being higher in deciduous than in coniferous trees (Ceulemans and Saugier, 1991) . In several tree species, intensive selection for increased biomass productivity has resulted in hybrids demonstrating heterosis for photosynthetic performance (Isebrands et al, 1988) . Moreover, a positive correlation between photosynthetic capacity and biomass productivity has already been demonstrated for poplar hybrids (Ceulemans and Impens, 1983; Michael et al, 1990) , larch hybrids (Matyssek and Schulze, 1987) and different provenances of loblolly pine (Boltz et al, 1986 ).
However, in many other cases, net photosynthesis rate measurements have been found to be poorly correlated with growth rate and productivity, such as in the case of Populus grandidentata, P tremuloides and P smithii (Okafo and Hanover, 1978; Reighard and Hanover, 1990 and root growth (Monteith, 1981) as well as in forest stands (Linder, 1984; Leverenz and Hinckley, 1990) . Although this simple relationship appears robust in young plantations, its general and empirical approach have been criticized (Byrne et al, 1986; Agren et al, 1991) .
In this study, photosynthetic capacity, leaf area development, and biomass production rates of different kinds of poplar (Populus) clones were compared during their first year of growth.
MATERIALS AND METHODS
Five poplar clones were used: 2 fast-growing and high-producing interamerican P trichocarpa x P deltoides hybrid clones (Raspalje and Beaupré); 2 native American clones P trichocarpa (Columbia River and Fritzi Pauley); and 1 Populus x euramericana clone (Robusta), which is often referred to as the reference clone. The latter is the result of a spontaneous hybridization between P deltoides and a European P nigra, presumably the poplar clone Italica. The origin, sex, parentage and provenances (table I) of these clones have previously been described (Ceulemans and Impens, 1983; Ceulemans, 1990 This formula assumes a linear relationship between net photosynthesis (A) and CO 2 concentration (C) (Gaastra, 1959) , and a constant CO 2 compensation point (&Gamma;). This relationship was established in the laboratory at 22°C and is rather insensitive to variations in r, since a difference of 20 vpm in &Gamma; ronly caused a 2% variation in A 350 using &Gamma; equal to 60 vpm.
Only fully expanded leaves having maximum photosynthetic rates (Barigah, 1991) 
RESULTS

Growth patterns
The total tree height after the first growing season ranged from 1.8 m for clone Robusta to 3.5 m for clone Beaupré ( (fig 3) . Net photosynthetic rate has often been reported not to be correlated with yield (Ledig, 1969; Gifford and Evans, 1981) ; the reasons for these weak correlations seems to be inadequate or varying nitrogen and water supply, lack of standardisation of photosynthetic measurements (eg, leaf age), plant density, and number of comparable replications. The high maximum net photosynthesis values of the P trichocarpa x P deltoides clones were of a comparable order of magnitude to those previously reported for similar poplar hybrids (Isebrands et al, 1988; Ceulemans, 1990) , while the low photosynthetic performance of the 2 P trichocarpa clones (Columbia River and Fritzi Pauley) is also in agreement with previous observations (Ceulemans, 1990) .
Clone Robusta was the only clone that combined a rather high photosynthetic rate (comparable to clones Beaupré and Raspalje) with a low volume and a low aboveground biomass production (fig 3) . This can be mainly explained by its low leaf area production and low LAI, but also by the fact that the clone Robusta had a proportionally larger allocation to below-ground biomass. For example, at the end of the first growing season the root/shoot ratio was 1.23 for clone Raspalje and 1.79 for Robusta (Barigah, 1991) . Similar observations (weak correlation between net photosynthetic rate and wood biomass productivity, and significant differences in root/shoot ratio) have already been made for the same clones (Impens, 1988) as well as for other poplar clones and species (Okafo and Hanover, 1978; Reighard and Hanover, 1990) . The ecological significance of the difference in the root/shoot ratio is still uncertain as there is very little knowledge about the specific roles root compounds play in tree survival, growth and development (Loescher et al, 1990) . Cannell et al (1988) found that, compared to willow trees (Salix viminalis), balsam poplar (P trichocarpa) stored much more biomass in their roots than above ground (the above-ground biomass and below-ground biomass were respectively 14 t ha -1 and 3 t ha -1 for the willow, and 8 t ha -1 and 4 t ha -1 for the poplar). Cannell et al (1988) stated that the abundance of biomass found in the roots of the balsam poplar was a clonal characteristic, but in fact this characteristic is also very common in the Populus genus (Isebrands, 1982;  Reighard and Hanover, 1990) and in other genera like Malus, Prunus, Acerand Pinus (Heim et al, 1979; Kramer, 1986; Loescher et al, 1990) . Furthermore, Blake and Raitanen (1981) and Afocel (1983) considered the first growth cycle for cuttings to be poorly productive due to greater biomass allocation to root establishment than to aboveground biomass structures.
As the high root/shoot ratio observed in clone Robusta was not directly reflected in its above-ground growth, the abundant reserves stored in the root system of Robusta might be the support for the high root respiration rate observed in this clone (Barigah, 1991) and/or for drought adaptation or resistance to diseases. However, these factors were not monitored in this study. (fig 4) . The high total biomass production of clone Raspalje might thus mainly be due to its large total and individual leaf area (Ridge et al, 1986 (Ridge et al, 1986) . The correlation between woody biomass and individual leaf size ( fig 4B) might suggest that the inheritance of fastgrowing, large leaves cause the observed increase in stem biomass (and stem volume) of the P trichocarpa x P deltoides hybrids. However, this relationship needs to be examined over a wide range of F 1 , F 2 and backcross material so that the mechanisms associated with it can be understood.
The positive correlation between net photosynthesis and first year (above-ground) biomass production for 4 Mau and Impens, 1989; Ceulemans et al, 1993) .
In breeding and selection programmes for fast-growing and highly productive poplar clones, attention should be paid to a number of physiological, morphological and environmental factors (Magnussen, 1985; Ceulemans et al, 1987) , to soil water regime and nutrient availability (Garbaye, 1979; Garbaye, 1980; Hinckley et al, 1990) as well as to the inheritance of late retention of green leaves in the fall with a measurable photosynthetic production even after frosts .
In conclusion, we believe that high net photosynthetic rates, in combination with large leaf area production and duration, led to the high biomass production of fastgrowing clones Beaupré and Raspalje during their establishment year.
